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Summary.-A method for determining the tumour cell content of breast neoplasms by morphometry is described.
The mean total tumour cell volume of 10 scirrhous carcinomata was 287-6 mm3, or 2155% of the entire neoplasm. Two medullary lesions gave a mean tumour cell volume of 417 mm3, 645 % of the total volume of the neoplasm.
A possible extension of this technique to monitor changes in the character of malignant tumours is discussed.
THE principles and methods of morphometry, and the derivation of quantitative morphological data from tissues or tissue sections, have been well documented (Weibel and Elias, 1967; Dunhill, 1968) but the application of these techniques to the study of cancer has received little attention.
This paper gives an account of a method devised to determine the volumetric composition of human breast carcinoma. The volume of tumour cells within a series of breast neoplasms has been estimated and the relevance of this type of investigation to the study of malignant disease is discussed.
MATERIALS AND METHODS

Breast tumours
Ten examples of scirrhous carcinoma and 2 lesions classified as medullary carcinoma of the female breast were selected from routine surgical specimens at the Royal Hospital and Royal Infirmary, Sheffield. For reasons given below it was important to ensure that the block of tumour taken for histology was, as far as could be judged, an equatorial slice (i.e. it passed close to the centre of the tumour). The slice included the entire cut surface of the neoplasm in that plane. After fixation in 10% formol saline, paraffin sections were cut at 5-6 ,tm. With large tumours the equatorial slice was divided into 2 or more blocks for processing. Morphometry was carried out on sections stained by haematoxylin and eosin. Attempts to obtain clearer differentiation between tumour cells and stromal components by employing connective tissue stains resulted in a slight loss of the ability to distinguish tumour cells on cytological grounds. In addition, the rather immature connective tissue in some regions gave atypical staining reactions. The 12 breast carcinomata examined were selected only by adequacy of fixation.
In the text that follows, the word "neoplasm" is used only to describe the gross tumour, and this will avoid confusion with " tumour cells ", meaning a population of malignant cells.
Morphometry by point counting The Delesse principle, which forms the basis of volumetric analysis of tissues by morphometry, states that the volume of a discrete component (in this case tumour cells and cell aggregates) in a material (the neoplasm) can be estimated by measuring the area of a random section of the material that is occupied by that component. Of all the methods which have been devised for estimating the area of components in tissue sections, point counting is the most rapid and simple method that achieves a high degree of accuracy. Chalkley (1943) was the first to apply this procedure to histology. In practice, a regular point lattice is superimposed on the section, usually by mounting a graticule in the focal plane of a microscope eyepiece. The fraction of the total number of points in the lattice that coincides with the tissue component is proportional to the surface area of that component in the section and therefore to its volume in the tissue.
The morphometry of human breast neoplasms presents special problems due in part to the non-uniform composition of many lesions, mainly those of scirrhous type. The central zone is less cellular than the periphery; this difference is easily appreciated in histological sections. If this gradation were not present, valid results could be obtained by analysing a sufficient number of random microscope fields. Further difficulties arise from the observation that the with a x 10 eyepiece enclosing a graticule consisting of a grid lattice with 9 vertical and 9 horizontal intersecting lines, resulting in a total of 81 points per field. Most counts were made with a x 10 objective and this was sufficient to differentiate between tumour cells and stromal components (Fig. 2) . Adjacent fields were counted, starting at the centre and progressing peripherally along each of the 4 radii (Fig. 3) . The number of points coincident with tumour cell aggregates was recorded separately for each field. Intraduct and necrotic tumour were included in the count as well as intralymphatic and intravascular permeation.
Each set of 4 fields equidistant from the centre can be regarded as samples of a series of concentric shells in a sphere, the width of each shell being equal to the length of one side of the grid lattice. If N is the total number of concentric shells in the neoplasm, the volume of the nth shell is: To obtain a mean value of tumour cell content from the 4 radial counts, the 4 numerators are added together and divided by the sum of the 4 denominators. The results are expressed as a percentage.
These operations were facilitated by the use of an electronic calculator.
RESULTS
The results from the morphometry of 10 scirrhous carcinomata and 2 medullary lesions are summarized in the table. The tumour cell content of the scirrhous group ranged from 3 9 to 39 4 % of the total volume of the neoplasm, with a mean tumour cell content of 21.5 %. The mean tumour cell content of the 2 medullary carcinomata was found to be 64-5 %.
In the scirrhous group the mean total tumour cell volume was found to be 287-6 mm3 (range 10 5-845 mm3) with a mean volume for the medullary carcinomata of 417 mm3.
The relationship between the age of the patient and the percentage volume of tumour cells in the scirrhous carcinomata exhibits a weak inverse correlation (r =-0.529), which is slightly more significant than the degree of positive correlation (r =+0-415) that exists between age and the total tumour cell volume. The results of this investigation demonstrate the extremely wide range of total cell volume in scirrhous neoplasms of the the female breast. It is clear that this is not entirely related to the size of the neoplasm and, therefore, caution should be exercised in interpreting the measured size of carcinomata as a parameter of neoplastic growth. It would be of interest to determine the relationship between total tumour cell volume in primary neoplasms and prognosis, endocrine factors, and " reactive " changes in regional lymph nodes.
The method described could be applied with ease to other tumours, although in each example special attention must be given to the general contour and structure of the lesion. The author wishes to thank Mr T. G. Hoy for his assistance with the analysis of data and Mrs M. Row for preparing the diagrams.
